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SUWARY

A comparison has been made In flight of the antllulockcharac-
terlsti.csof 33-R fuel with that of 2d-R end a triptane blend. The
krmck-limited performance of the three fuels - 33-R, a blend of
80 percent 28-R plus 20 percent trlptaue (leaded to 4.5 ml TEL/&l),
and 28-R - was investigated In two modlfled 14-cylinder double-row
radial air-cooled.engines. Tests wsre conducted on the engines as
installed In the left inboard nacelle of an airplane. A carburetor-
alr temperature of approximately 85° F was maintained. The condi-
tions covered at an engine speed of 2250 rpm were hlgb and low
blower ratios and spark ad~ces of 25° and 32° B.T.C. For an
engine speed of 1800 - only the high-blower condition was inves-
tigated for both 250 and 32° spark advances.

For the oondltions investigated the difference between 33-R
and the trlptane blend was found to be sllght; the performance of
35-R fuel, however, was slightly higher than that of the triptane
blend in the lean region. The lmock-limited power obtained wltb the
33-R fuel was from 14 to 28 percent higher than that of the
28-R fuel for the entire range.of test conditions; the greatest
Improvement vas shown In the lam region.
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The lmock-limtted Fewer for any one
diticns was essentially the same for the
in these tests.

INTROJTJUTION

At the request of the Air Tdmlcal

FJAcAMRlvo. E5E08

fuel at a given set of con-
two modified en@nes used

E3erviceCommand, Army Air
Forces, an investigation has been made to evaluate 33-R ~uel
(115/145)for Its antihock characteristics and to compare the per-
formance of this fuel with 28-R and a fuel blend of 80 percent
28-R plus 20 percent trlptene (leadedto 4.5mlTEL/gal). This wcrk
is yrt of the general trlptane and high-performance fuel program
being conducted at the KACA Cleveland laboratory. The lmocls-limlted
performance wl.th28-R and th9 triptane blend has been determined
and compared with the cool@-llmited performance of a moMf’led
double-row radial air-cool=d engine. (*e r9ference 1.) The entire
COOIQ correlation for the engine and a complete description of the
Instrumentationfor the airplane Is given In reference 2.

hcluded herein are data on33-R, a triptane blend, and
28-R fuels. The data were obtained with two modified en@nes
Installed successively In the left Inboard nacelle of a four-engine
airplane. The data from the first modlfled engine with the triptane
blend and 28-R were checked by the second modified engine. The
33-R data were obtained with the second test engine prior to a
failure of the rear main roller bearing and crankshaft. Fli@t
tests with the second engine were terminated by this failure after
a tctal of 43 hours of which 17 hours were at lmock-llmlted power.

TEST EQrnmr!m AND PROCEDURE

Equipment and installation. - The two R-1830-94 (modified)
engines were altered to operate In conjunction with a turbosuper-
charger. The equipment and the instrumentation are the same as
described In the appendix of reference 2.

All instrumentation was set up to record data within a very
short period of time. Figure 1 shows the Installation of thermo-
couples, cool~-alr pressure tubes, and knock pickup on the
cylinders.
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“ A few of the
the Mnock-limited

3

measurements M? partioul.arintenst In determhlng
performance of the fuels are ae followa:

.,

1. Carburetor-air temperature”- &ock curves run at 85° F as
Indioated by the standard B-24 thermometerunit. A oarburetm-
screen thermocouple was used for air-flow oaloulstions.

2. Air flow - ccmputed fran oalibratflonof PI)-12F2-16 carbu-
retor Involvlng air temperature and mererlng pressures of the
oarburetor.

3. Fuel flow - indlosted by a deflectln&vane-type flowmeter
and checked by a rotameter.

4. mock detection - by magnetostrlctlon-typeknock pickups
Insefied into the combuetIon chamber of all cylinders. Three
oscilloscopeswere used to view the combustion traces of three cyl-
inders slmultaaeously.

5. Mixture temperatures- by a bare thermocouple inseried into

the center of each titake pipe at a distance of 8~ Inohes from the
supercharge~ outer case.

6. Embedded rear-spark-plug-bossthermocouple (T38) - thermo-

couple $mction Inserted one-third of head metal thlclmess In rear-
epark-plug boss. .

7. Rear-spark-plug-gasketthermocouple (T12).

8. Rear middle-bmrel thermocouple (T6) - thermocouple Ju?lc-

tions peened 1/16 inch Into the outer barrel wall between finb O and
9 from top.

9. Coollng-alr pressure drop -average total pressure at the
baffle Inlet to the front-row cylinders mtiue the average static
pressure behind the rear-row cylinders, for heads and ‘barrels.

Test fuels. - The F-3 and F-4 knock ratings of the test fuels
as obtained at the Cleveland laboratory are as follows:

Fuel Army-Navy performance numbers
F+ ~t~ F-4 ratlr~
‘ (lean) (rich)

28-R 100 130 “
33-R 115 145
Trlptane blend 109 147

—. -- -. ---
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Test conditions and nrocedure. - The test cotiltlons are tabu-—.—— —— —.— —.
lated as follows:

Engine
t3peed
(m)

—.
1900
li300
2250
2250

2250
2259—-

krburet or-
lir temper-
lture

(w)

85
85
85
85
85
65

3Qh
Hi@
Hj@
H?@
IkW
Low—- —

.—
@arZ
dvance
[deg
J.T.C.)
——.
25
32
25
32
25
32-—

2
3
4
5
6
7

The proccdur~ for conducting the kmck teats is given in the
apper.ilx crtzwfel”ence2. Brietiyj oarburptor-air temperature was
maintained constant whlle t5dt rune were muc by boosting to the
knock-llmlted manifold pzessure for a series of successive mixture
strengLhs. ihock deta were taken while operating the airplane at
an Indioated alrepeed of approti.matel~ 200 mllea per hour with funo-
pen cowl flaps on the test engine at a pressure altitude of
7000 feet. Consequently, the cooling-air pressure drop remained
approximately constant at 14 and 16 inohes of wster for engine
speeds of 1800 and 2250 rpm, respectively.

IIESJI.TSAND i)ISCUSSION

~esentatlon of data. - The knock data tirepresented In fig-
ures 2 to 7. Each figlm~ls subdivided Into two -parts: (a) preeents
the lmock-U3mited pmfcrmsnce data of manifold pressure, bzake horse-
power, i’uc~Plow, brake specific fuel consumption, and ave~e mix-
ture tsz?a”’t.iure;.%~d(b) pz-esentscylinder temperatures measured at
the r-- EL:dle ba=rel, the rear-spark-plug @sLet, and the rear-
sprk-plu3 ‘:.USS(embedded thermocouple). Each f@ure presents data
on all thi-eefuels for a specific set of engine conditions. (See
table under Test Equipment ariiProcedure.)

The data as presented consist of bock points taken with two
modif’ledengines. The tailed points indicate check data taken on
subsequent flights. All data after flight 46 were taken with the
second teat engine; the data for 33-R were obtained with this engine.
In fll$hts 38 and 56 (fig. 6) the embedded rear spark-plug-boss tem-
peratures are omitted owing to instrument fciilures.

—. — -..— -— ——-.. . ___ , . , , I
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Dlscueslcn of results. - The raproduoibllity d knock data for——. .— — ———
the two englnea was fairly good, as is seen in figures 2, 3, 6,
and 7. Usually the knock-Ilmited power cliffered by less”than’
40 brake horsepower; the exception was the check points with
28-R fuel lnfll@t 56(f.ig.6).

In figures 2 and 3 for an’engine speed of 1800 rpm, hi@
blower ??atlo,and spark advances of 25° and 320 B.T.C., respectl~ely,
33-R fuel permits approximately 8 pwcent higher knock-limited
-r at a fuel-air ratio of 0.065 than the triptane blend and about
the same performance as the trlptane blend fuel in the rich region.
This trend Is in sgreement with Army-Navy performance rating. The
knochllmlted power with 33-R fuel was from 15 to 28 percent higher
than with 28-R fuel for the range of test conditions In these figures.

Fi~ures 4 and 5 for sn engine speed of 2250 rpm, high blower
ratio, and sptirkadvances of 25° and 320 B.T.C.; respectively, show
the knock-limited p~’er With 33-R fllelfor these conditions to he
generally about the same aE with the triptane blend and frcsn14 to
21 ~vcent M@er than with 28-R fu~l.

Included In figure 4 are knock points for 28-R fuel taken dur-
i~ a ~eries of rune of fli@t 34 by operating the engine at a
constant ma~mum rear-spark-plug-bosstemperature of approximately
465° F. These data indicate that the ‘mock-limited performance
differs only sllghtly when the knock curve Is determined at constant
head temperature rather than at constant cooling-air pressure drop.
All the other knock curves were obtained at constant coollng-alr
pressure drop and engine temperaturgsvarlod as shown In figures 2(b)
to 7(I)).

Knock data at an engine speed of 2250 r~ with low blower
ratio are presented in figures 6 and 7 for spark advances of 250
and 32° B.T.C., respectively. For these conditions the knock-
llmited power of 33-R is approximately 7 percent higher than that
of the trlptane blend at a fuel-air ratio of 0.065. For the condi-
tions tested the difference between the 33-R and the triptane blend
fuels is slight; however, the pefiormance of 33-R Is slightly
higher in the lean region. The knock-limited power with 33-R fuel
Is from 14 to 28 percent higher than that with the 28-R fuel for
the test conditions. The ~atest Improvement on percentage basis
Is shown in the lean region.

The followlng table presents a compriscn of the knock-limited
perfommnce of 33-R and the trlptane blend relatlve to 28-R:



RATIOSOF BNOOK—LIMTED BRAKE HORSEPOWERcm’TEST FuEIs mm

TO 28-R AT A CARBURETOR-AIR ~ 1 (M’85° F

Fuel ->
!.

Fuel-air ratio —+ I 0.065

Engine speed, 1800 rpm; 1.28
high blower; spark
advance, 320 B.T.C.

I

E@ine speed,
high blower;
advance, 25°

Eugtie speed,
high blower;
advance, 320

Engine speed,

2250 rpm;
spark I
B.T.C.

2250 rpm;
spark
B.T.C.

I

1.19

1.16

I2250 rpm; 1.28
low blower;-spark
advance, 250 B.T.C.

E@ne epeed, 2250 rp; 1.23
low blower; spark
advance, 32° B.T.C.

33-R

0.()(3.—
1.21

1.23

1.20

1.21

1.24

1.17

0.09
E

1.22

1.14

1.20

----

----

‘~ptane blend

0.065

1.11

1.20

1.24

1.15

1.20

1.15

mii
izi

1.19

1.19

1.28

1.21

1.17

EtiF
-cm

1.20

1.21

1.27

1.24

----

smMARYaFREsuIm

The following results apply to the modifl.eddouble-row radial
air-cooled engine In a four-engine airplane for tests conducted at
engine speeds of 1800 and 2250 rpm, at spark settings of 250 and
320 B.TOC~, and for high and low blower ratios:

1. The knock-limited performance of 33-R fuel was approximately
the same as that of the triptane blend. It was somewhat higher h
the lean region and had a tendency to be slightly lower in the rich
region.
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2. The Imook-llmlted power obtained with 33-R fuel was f?xm
~4 to 28 psroent higher thau ?8-R fuel. The lmprovem~t on a p=-

... ,,. uentage baaie WaEJVgreatest in.the lean region. .,. .

3. The tick-ltiited perfomanoe of the two m~fled epgines “
was essentially the same for the conditions investigateed.

Alroraft Engine Resear”ohLaboratory,
National Advtsory C%umittee for Aeromautlos,

Cleve~, 9hio, A~ust B, 1945.

1. White, H. Jack, Pragliola, Phillp C., and Blackman, Calvlm, C.:
Fllght and Test-Stand Investigation of High-Pezf’omancq Fuels
in Mdified Double-Row Rcdlal Air-Cooled Engines. II - Flight
Knock Data and CmpE&son of Fuel Khock Limits with Engine

- Cooling Limits in l’li@t. NACA MH No. E5H04, 1945.

2. lfe~r, Milton, Blaclnmn, Calvin C., and WMte, H. Jack: rll@
and Test-Stand Investigation of High-Performance ~uels in
Modified Double-Row Radial Air-Cooled EY@nes. I - Determi~-
tion of the CooliW Characteristics of the Fl@ht l!hgine.
liACA~ HO, E=9, 1945.
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Figure 2. - Performance of modified engines as limited by the knock characteristics
of three fuels; engine speed, 1800 rpm; high blower ratio (8.47 :1); spark advance,
25° B.T.c.; carburator+ir tempanture (bulb)> aPProxi@elY 85° F; four-Q3ine
airplane.
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Fuel-air ratio

(a)Engine-performance variablee.

Figure 5. - Performance of modified engines as limited by the hock characteristics

of three fuels; engine speed, 2250 rpm; high blower ratio (8.47:1); spark advance,

32° B.T.C.; carburetor-air temperature (bulb), approximately 85° l?; four-engine

airplane.
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